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(54) Fuel system and pump suitable for use therein 

(57) A fuel system comprises a fuel pump (10) ar- 
ranged to deliver fuel to a single fuel injector (14). The 
fuel pump (10) and injector (14) are physically spaced 
apart from one another, a high pressure fuel line (12) 
being used to convey fuel between the fuel pump (10) 
and the injector (14). The fuel pump (10) is controllable 
to control the timing of commencement of fuel pressur- 
ization. The injector (14) is controllable to control the 
timing of fuel delivery. A controller (16) is arranged to 
control the operation of the fuel pump (10) and the in- 
jector (14). The invention further relates to a fuel pump 
suitable for use in such a fuel system. 
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Description 

[0001] This invention relates to a fuel system for use 
in delivering fuel under high pressure to a cylinder of an 
associated compression ignition internal combustion 
engine, and to a fuel pump suitable for use in such a 
system. 

[0002] In order to ensure that the level of emissions 
produced by an engine falls within acceptable levels, it 
is desirable to be able to control the fuel pressure at 
which fuel is injected to a cylinder of an engine inde- 
pendently of the timing of fuel delivery. Where the fuel 
system includes injectors with integral fuel pumps, this 
has been achieved by using separate valves to control 
the injection pressure and the timing of injection. The 
valve controlling injection pressure is typically mounted 
upon the side of the injector housing with the result that 
the dimensions of the injector are relatively large thus 
the injector may not be suitable for use in some appli- 
cations. Further, the location of the valve results in a rel- 
atively large dead volume which reduces responsive- 
ness and the passages connecting the valve to the re- 
mainder of the injector are relatively difficult to produce. 
[0003] According to the present invention there is pro- 
vided a fuel system comprising a fuel pump arranged to 
deliver fuel to a single fuel injector, the fuel pump being 
operable to control the timing of commencement of fuel 
press urization, the injector being controllable to control 
the timing of fuel injection, the fuel pump and injector 
being spaced apart from one another, a high pressure 
fuel line interconnecting the fuel pump and the injector, 
and a controller controlling the operation of the fuel 
pump and the injector. 

[0004] The controller is conveniently arranged to con- 
trol operation of the fuel pump to commence pressuri- 
zation at an instant a predetermined time interval in ad- 
vance of the time at which injection is to commence. The 
commencement of pressurization is conveniently 
achieved by closing a control valve. The control valve 
may include a valve member which extends and is 
moveable along an axis generally parallel to or generally 
coaxial with the pumping plunger of the fuel pump. 
[0005] In an alternative arrangement, the controller 
may control the injection pressure by controlling the 
quantity of fuel supplied to the fuel pump. In a further 
alternative, the fuel pump may include a spill valve con- 
trolling the termination of injection. 
[0006] The invention further relates to a fuel pump 
comprising a plunger reciprocable within a bore to de- 
liver fuel to an outlet connector, and a control valve con- 
trolling the timing of pressurization of fuel by the pump, 
the control valve comprising a valve member slidable 
within a bore which extends in a direction generally par- 
allel to an axis of the bore within which the plunger is 
reciprocable. The bores are conveniently generally co- 
axial. 

[0007] By locating the control valve generally coaxial- 
ly within the pump, manufacture of the pump can be sim- 



plified, and the dead volume within the pump can be re- 
duced. Further, the pump is relatively compact com- 
pared to an arrangement in which the axis of the bore 
of the valve extends perpendicularly to the axis of the 
5 plunger bore, thus simplifying installation and increasing 
the range of applications in which the pump can be used. 
[0008] The invention will further be described, by way 
of example, with reference to the accompanying draw- 
ings, in which: 

10 

Figure 1 is a schematic view of a fuel system in ac- 
cordance with an embodiment of the invention; 

Figure 2 is a sectional view of a fuel pump suitable 
is for use in the fuel system of Figure 1 ; and 

Figure 3 is a sectional view illustrating an injector 
suitable for use in the fuel system. 

20 [0009] The fuel system illustrated in Figure 1 compris- 
es a unit fuel pump 1 0 (illustrated in more detail in Figure 
2), the outlet of which communicates through a high 
pressure fuel line 12 with the inlet of an electronically 
controlled fuel injector 1 4. The pump 1 0 and the injector 

25 14 are both controlled electronically by a control unit 16. 
The control unit 16 receives signals from a plurality of 
sensors 18 which monitor, for example, engine speed, 
position and temperature. The signals supplied to the 
control unit 16 by the sensors 18 are used in controlling 

30 the operation of the fuel system to appropriately control 
the pressure of fuel supplied to the injector 14 and the 
timing at which injection of fuel to a cylinder of an asso- 
ciated engine takes place. 

[001 0] One type of fuel injector suitable for use in the 
35 fuel system illustrated in Figure 1 is shown in Figure 3 
and comprises a valve needle 20 slidable within a bore 
formed in a nozzle body 22. The needle 20 includes an- 
gled thrust surfaces 20a orientated such that the appli- 
cation of fuel under high pressure thereto from the high 
40 pressure fuel line 1 2 applies a force to the valve needle 
20 urging the valve needle 20 out of engagement with 
a seating. The valve needle 20 further defines, with part 
of the injector housing, a control chamber 21 which is 
supplied with fuel from the high pressure fuel line 12 
*s through a restricted passage 21a, an electromagnet ical- 
ly operable needle control valve 23 being arranged to 
control communication between the control chamber 21 
and a low pressure drain. 

[001 1] In use, when fuel under pressure is supplied to 
so the injector 1 4, and when the electromagnetically oper- 
able needle control valve 23 is closed, the fuel pressure 
within the control chamber 21 is substantially equal to 
that applied to the thrust surfaces 20a of the valve nee- 
dle 20. The dimensions of the exposed parts of the valve 
55 needle 20 are such that the effective areas exposed to 
fuel under pressure are substantially equal thus the nett 
force acting upon the valve needle as a result of the high 
pressure fuel is small. The valve needle 20 is biased by 
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a spring into engagement with the seating. 
[0012] Upon energising the needle control valve 23 to 
open the needle control valve and permit fuel to flow 
from the control chamber 21 to the low pressure drain, 
the fuel pressure within the control chamber falls thus 
reducing the magnitude of the force urging the valve 
needle towards its seating and permitting the valve nee- 
dle 20 to lift from its seating under the action of the fuel 
acting upon the thrust surfaces of the needle. Such 
movement of the valve needle permits fuel to flow past 
the seating to one or more outlet openings, and through 
the opening(s) to be injected to the engine cylinder. 
[001 3] In order to terminate injection, the needle con- 
trol valve 23 is closed, the continued flow of fuel through 
the restricted passage to the control chamber 21 per- 
mitting the fuel pressure within the control chamber to 
increase. The increased fuel pressure within the control 
chamber 21 increases the magnitude of the force urging 
the valve needle 20 towards its seating, and a point will 
be reached beyond which the valve needle 20 returns 
into engagement with its seating, thus terminating the 
supply of fuel to the cylinder of the associated engine. 
[001 4] It will be apparent from the description herein- 
before that the operation of the needle control valve of 
the Injector controls the timing at which fuel injection 
takes place, but does not control the injection pressure. 
[0015] The unit pump 10 illustrated in Figures 1 and 
2 comprises a pump housing 24 defining a bore 26 with- 
in which a pumping plunger 28 is reciprocable under the 
action of a cam and tappet arrangement 30 which acts 
against the action of a return spring 32. 
[0016] The end of the pump housing 24 remote from 
the cam and tappet arrangement 30 defines a cylindrical 
recess within which a valve housing 34 is located. The 
valve housing 34 includes an axially extending through 
bore within which a pressure control valve member 36 
is slidable. The through bore of the valve housing 34 
defines a seating with which a region 38 of the pressure 
control valve member 36 is engageable. A helical spring 
40 is engaged between the pressu re control valve mem- 
ber 36 and the end surface of the pump housing 24 re- 
mote from the cam and tappet arrangement 30 to bias 
the pressure control valve member 36 towards a posi- 
tion in which the region 38 is out of engagement with the 
seating. The end of the pressure control valve member 
36 remote from the spring 40 carries an armature 42 
which is moveable under the influence of a magnetic 
field generated, in use by an actuator 44 carried by the 
valve housing 34. The actuator 44 and armature 42 are 
arranged such that energization of the actuator 44 caus- 
es movement of the pressure control valve member 36 
against the action of the spring 40 to move the region 
38 into engagement with the seating. 
[0017] A drilling 46 extends within the valve housing 
34, the drilling 46 communicating with a drilling 48 pro- 
vided in the pump housing 24 which communicates with 
the bore 26. The drilling 46 communicates with an an- 
nular chamber 50 defined between a reduced diameter 



region of the pressure control valve member 36 and the 
bore within which the pressure control valve member 36 
is slidable located on one axial side of the seating, a 
passage 52 communicating with a chamber located on 
s the other axial side of the seating, the passage 52 com- 
municating with a low pressure drain reservoir through 
a fill and return opening 54. 

[0018] The end of the valve housing 34 remote from 
the pump housing 24 engages a distance piece 56 

10 through which a passage 58 is formed which communi- 
cates with the drilling 46. The distance piece 56 and 
valve housing 34 are secured to the pump housing 24 
by a connector body 60 which is in screw-threaded en- 
gagement with the pump housing 24. 

is [0019] A snubber valve member 62 is located within 
a chamber defined between the connector body 60 and 
the distance piece 56, a spring 64 biasing the snubber 
valve member 62 into engagement with the distance 
piece 56 to close the end of the passage 58. 

20 [0020] The end of the connector body 60 remote from 
the pump housing 24 is shaped to define a connector 
port to which an appropriate connector can be connect- 
ed to secure the high pressure fuel line 12 to the unit 
pump. 

2S [0021] An electrical connector 66 is mounted on the 
pump housing 24 to permit electrical connection be- 
tween the actuator 44 and the control unit 16 thus per- 
mitting the pressure control valve defined, in part, by the 
pressure control valve member 36 to be operated by the 

so control unit 16. 

[0022] In use, in the position illustrated, the plunger 

28 occupies an inner position. The actuator 44 is not 
energized, thus the pressure control valve member 36 
occupies a position in which the region 38 does not en- 

35 gage its seating. Movement of the cam and tappet ar- 
rangement 30 permits outward movement of the plunger 

29 under the action of the return spring 32, drawing fuel 
at relatively low pressure from the fuel reservoir through 
the pressure control valve to the bore 26. The fuel pres- 

40 sure within the bore 26 is relatively low. The fuel pres- 
sure within the high pressure fuel line 1 2 is also relatively 
low, but may be at a level higher than that within the bore 
26 as a result of the action of the snubber valve 62 re- 
stricting the rate at which fuel can return from the high 
45 pressure fuel line 12 to the fuel pump. The fuel pressure 
applied to the injector 14 is therefore relatively low, al- 
though it may be slightly higher than that within the bore 
26 of the fuel pump. The needle control valve of the in- 
jector 1 4 is closed to ensure that the fuel pressure within 
so the control chamber 21 thereof is substantially equal to 
that applied to the thrust surfaces of the valve needle 
20, thus ensuring that injection does not take place. 
[0023] The movement of the cam and tappet arrange- 
ment 30 results, subsequently, in the plunger 28 reach- 
es jng its outermost position and commencing inward 
movement. Whilst the pressure control valve of the 
pump remains deenergized, the inward movement of 
the pumping plunger 28 simply displaces fuel back to 
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the low pressure drain reservoir, and thus does not re- 
sult in pressurization of the high pressure fuel line 1 2. 
When it is determined that pressurization of the fuel 
should commence, a signal is applied by the control unit 
16 to the actuator 44 to move the region 38 of the pres- 
sure control valve member 36 into engagement with its 
seating, thus terminating the return flow of fuel from the 
bore 26 to the low pressure drain reservoir. Continued 
inward movement of the pumping plunger 28 thus re- 
sults in pressurization of the fuel within the bore 26, the 
passages which communicate therewith and the high 
pressure fuel line 1 2. As a result of the pressurization of 
the fuel within the high pressure fuel tine 12, the fuel 
pressure applied to the injector 1 4 increases, but as the 
needle control valve 23 of the injector 14 is closed, the 
fuel pressure within the control chamber 21 and that ap- 
plied to the thrust surfaces 20a of the valve needle 20 
remain substantially equal thus ensuring that the valve 
needle 20 remains in engagement with its seating thus 
injection does not occur. 

[0024] When injection is to commence, the needle 
control valve 23 of the injector 1 4 is opened to relieve 
the pressure within the control chamber 21 thus permit- 
ting movement of the needle 20 as described hereinbe- 
fore. Injection continues until the control valve of the in- 
jector 14 is closed, the movement of the injector needle 
20 which occurs subsequently, as described hereinbe- 
fore, terminating the supply of fuel to the cylinder of the 
associated engine. If a further injection is required, then 
the needle control valve of the injector is controlled ac- 
cordingly to commence and subsequently terminate that 
further injection. 

[0025] Once injection has been completed, the pres- 
sure control valve of the fuel pump 10 is de-energized, 
and as a result the pressure control valve member 36 
moves out of engagement with the seating under the 
action of the spring 40 thus permitting fuel to flow past 
the pressure control valve to the low pressure drain res- 
ervoir. Although the fuel pressure within the bore 26 is 
relieved quickly, the presence of the snubber valve 62 
reduces the rate at which the fuel pressure from the high 
pressure fuel line 1 2 is relieved to reduce the risk of cav- 
ities being drawn in the high pressure fuel line 12 and 
to reduce the generation and reflection of pressure 
waves along the high pressure fuel line 12. The main- 
tenance of pressure within the line 12 further increases 
the efficiency of the system by reducing the wastage in- 
volved in totally re-pressurizing the line 1 2 prior to each 
subsequent injection. 

[0026] Inward movement of the pumping plunger 28 
continues until the plunger 28 reaches its innermost po- 
sition whereafter the plunger 28 commences outward 
movement under the action of the spring 32 as de- 
scribed hereinbefore. 

[0027] It will be appreciated that the actuation of the 
pressure control valve of the unit pump 10 controls the 
timing at which pressurization commences, and by se- 
lecting an appropriate time for commencement of pres- 



surization prior to the time at which injection is to com- 
mence, the operation of the pressure control valve of 
the pump 10 controls the injection pressure. Clearly, the 
use of separate control valves within the pump 10 and 

s injector 14 permits independent control of the injection 
pressure and the timing of injection. 
[0028] By locating the control valve of the pump 1 0 in 
the manner described hereinbefore in which the valve 
member thereof extends coaxially with the plunger 28, 

10 the unit pump 10 is of relatively simple construction, is 
of relatively low dead volume, and installation of the 
pump into an engine is relatively simple. 
[0029] It will be appreciated that the fuel system in ac- 
cordance with the invention may include an alternative 

is type of electronically controlled injector to that described 
hereinbefore. Further, the fuel pump may be replaced 
by an alternative type of fuel pump, for example a fuel 
pump in which the quantity of fuel supply thereto is me- 
tered to permit control of the fuel injection pressure. Fur- 

20 ther, the termination of fuel injection may be controlled 
by opening the pressure control valve of the fuel pump 
rather than by closing the needle control valve of the 
injector, if desired. 

[0030] In the description hereinbefore, the bore within 
25 which the valve member 36 is slidable is coaxial with the 
bore 26. It will be appreciated that these bores could 
extend generally parallel to, but offset from, one another, 
or that the bores may be slightly angularly misaligned, 
and that such modifications do not depart from the 
30 present invention. 



Claims 

35 1. Afuel system comprising a fuel pump (10) arranged 
to deliver fuel to a single fuel injector (14), the fuel 
pump (10) being operable to control the timing of 
commencement of fuel pressurization, the injector 
(14) being controllable to control the timing of fuel 

40 injection, the fuel pump (10) and injector (1 4) being 
spaced apart from one another, a high pressure fuel 
line (12) interconnecting the fuel pump (1 0) and the 
injector (14), and a controller (1 6) controlling the op- 
eration of the fuel pump (10) and the injector (1 4). 

45 

2. A fuel system as claimed in Claim 1 , wherein the 
controller (1 6) is arranged to control operation of the 
fuel pump (10) to commence pressurization at an 
instant a predetermined time interval in advance of 

50 the time at which injection is to commence. 

3. A fuel system as claimed in Claim 2, wherein the 
controller (16) is arranged to control the operation 
of a control valve operable to control the timing of 

55 commencement of fuel pressurization. 

4. A fuel system as claimed in Claim 3, wherein the 
control valve includes a valve member (36) which 
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extends and is moveable along an axis generally 
parallel to an axis of a pumping plunger (28) of the 
fuel pump (10). 

5. A fuel system as claimed in Claim 4, wherein the s 
axis along which the valve member (36) is move- 
able is generally coaxial with the axis of the pump- 
ing plunger (28). 

6. A fuel system as claimed in Claim 3, Claim 4 or io 
Claim 5, wherein the control valve is further opera- 
ble to relieve the fuel pressure applied to the fuel 
injector (14). 

7. A fuel system as claimed in any one of the preced- is 
ing claims, further comprising a snubber valve (62) 
located adjacent the outlet of the fuel pump (10). 

8. A fuel system as claimed in any one of the preced- 
ing claims, wherein the fuel injector (14) is electro- 20 
magnetically actuable. 

9. A fuel system as claimed in any one of the preced- 
ing claims, wherein the fuel injector (14) is provided 
with a flow restriction arranged such that, in use, 25 
during injection of fuel, the fuel pressure at an outlet 

of the injector falls. 

10. A fuel pump comprising a plunger (28) reciprocable 
within a bore (26) to deliver fuel to an outlet connec- $o 
tor, and a control valve controlling the timing of pres- 
surization of fuel by the pump, the control valve 
comprising a valve member (36) slidable within a 
bore which extends generally parallel to the bore 
(26) within which the plunger (28) is reciprocable. 3s 

11. A fuel pump as claimed in Claim 10, wherein the 
bore within which the valve member (36) is slidable 
extends generally coaxially with the bore (26) within 
which the plunger (28) is recpirocable. *o 

12. A fuel pump as claimed in Claim 10 or Claim 11, 
wherein the control valve is further operable to re- 
lieve the outlet pressure of the fuel pump (10). 

45 

13. A fuel pump as claimed in Claim 10, Claim 11 or . 
Claim 12, further comprising a snubber valve (62) 
located adjacent the outlet of the pump (10). 
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